Abstract. We present simulations and discuss measurements of a planar orthomode transducer (OMT) being developed for use with bolometric detectors in observations of the polarization of the cosmic microwave background (CMB). This OMT couples radiation from a circular waveguide onto microstrip where it is filtered and then detected. A corrugated feed horn defines the optical beam. Simulations suggest this OMT achieves a coupling efficiency of greater than 96% with crosspolarization below 1% over 30% bandwidth.
INTRODUCTION
The current generation of bolometric detectors built for observations of the polarization of the CMB achieve nearly background limited noise performance. Realizing experiments with significantly improved sensitivities require the use of large-format detector arrays. In the design of these arrays, care must be taken to ensure good control of systematic effects and optimum noise performance. Toward this end our collaboration has been developing the technology necessary to field arrays of feedhorn-coupled TES polarimeters [1] . Our initial design is for 150 GHz detectors, but we will scale this design to a number of other mm wave bands.
In this design the optical beam is defined by a corrugated feed horn. Radiation at the throat of the horn is coupled onto micro-strip using a planar ortho-mode transducer (OMT). Once on micro-strip the signals for each polarization are filtered [2] before being passed onto thermally isolated islands where they are terminated in lossy gold resisters. The heat increase of the islands is detected using transition-edge sensors (TES). Micromachined 6' silicon wafers will be stacked to form arrays of corrugated feeds [3] . Detector wafers will be attached to form monolithic detector arrays.
In this note we describe the planar OMT used in these polarization sensitive bolometric pixels. We note that this work is based on the OMT design described in [4] We begin by describing the design. Next we provide a summary of the tolerance analysis. We conclude with a discussion of the measured performance of a prototype chip. The measurements of the noise, uniformity and coupling can be found in [2, 5, 6] .
THE DESIGN
This OMT (see Figure 1 ) consists of four triangular probes suspended on a silicon-nitride membrane inside a waveguide. The waveguide is terminated in a backshort approximately one quarter wavelength behind the probes. Each probe couples radiation from the circular input waveguide onto co-planar waveguide (CPW) traces that have an impedance of ≈ 140Ω. Pairs of probes on opposite sides of the guide couple to a single incoming linear polarization. The CPW is transitioned to ≈ 10Ω micro-strip (MS) using a stepped impedance transformer.The signals from opposite probes are recombined by incoherently terminating power from both arms on the same TES island prior to detection. This OMT is operated over a bandwidth which includes the TE11 and TM01 modes in circular waveguide. The TM01 mode will be rejected with a corrugated horn or a section of narrow wave guide in front of the OMT. We now describe the design and function of the components of this OMT in detail.
probes and choke
The length and width of the probes and backshort were chosen using HFSS 1 simulations to optimize the co-polar coupling. During these simulations the waveguide diameter, CPW geometry, and choke geometry were fixed. The diameter of the choke is one quarter free-space wave-length at the center of the band [7] . The width of the gap between the choke was chosen to accommodate machining tolerances in the holder and possible wrinkling in the silicon nitride membrane layer. Simulations showed that a 100µm gap gives less than 1.5% radiative loss. The CPW is defined by a 5µm wide center trace with two 3µm gaps separating it from a niobium ground all of which are suspended on a silicon nitride membrane. There is 50µm of vacuum gap above and below the CPW with metal boundaries which are defined by the choke structure. Simulations show that provided the vacuum gap is larger than 10µm there is no effect on the impedance of the CPW. All dimensions are given in 1 http://www.ansoft.com/products/hf/hfss/ Table 1 . A simulation of the performance of this design is shown in Figure 2 . The TE11 co-polar coupling, averaged over our band (125-170 GHz) is 96.3%. The loss comes from a combination of reflections (2.3%) and radiation into the gap in the waveguide (1.3%). The cross polarization is less than -40 dB across the entire frequency range. Note that the reflections dip below 1 % near the band center and rise symmetrically near the band edges implying that the back-short is at a near optimal distance.
CPW to MS transition
The transition to MS consists of 8 alternating section of CPW and MS of varying lengths (see Figure 3) . The CPW sections were fabricated by removing the ground plane normally underneath the MS in boxes that were 11µm wide to approximate CPW with a 3µm gap on each side. The lengths of each CPW and MS section were chosen through numerical optimization to to minimize reflections over the band from 120 to 170 GHz. Over this band the reflections are below -25dB corresponding to a negligible loss in coupling efficiency. 
TES island
In this class of four-probe planar OMT designs the signals from opposite probes must be recombined prior to detection to avoid the noise penalty and added complication of doubling the number of bolometer channels. In past designs this was accomplished through the use of a Balun (a 180 • magic-tee). The electric fields are recombined directly in phase on MS. In our design we recombine the fields incoherently by separately terminating the fields from each probe on resistors on the TES island. (See Figure 4) . This approach is simpler in that it avoids the need for a Balun while also circumventing the noise penalty.
MS from probes TES Lossy Gold MS FIGURE 4. This figure shows the "TES island" containing two lossy gold MS lines for each of the pair of probes. The weak thermal link is provided by the four silicon nitride legs which support the island.
DIMENSIONAL TOLERANCES
In this section we discuss the performance of this design when alignment errors are present. Specifically we consider misalignments of the device wafer, errors in the distance to the back-short, and changes in the width of the gap. Simulations were used to estimate the following quantities for each configuration.
• The band averaged co-polar coupling is defined as the average fraction of the power coupled from the X(Y) polarized TE11 mode into the the two X(Y) polarized probes over a band from 125-170 GHz • The peak in-band cross-polarizaton is the maximum of the coupling from the Y(X) polarized TE11 mode into the X(Y) polarized probes in the band from 125 to 170 GHz.
• The difference in central frequencies between polarization channels
Tolerances were set by requiring that the degradation in the co-polar coupling be less than 2 %, the crosspolarization be less than −20 dB, and the difference in central frequencies between polarization channels be less than 1 GHz. The following list summarizes the results.
• Distance to back-short The design is only weakly sensitive to this parameter. For displacements of less than ±75µm the co-polar coupling changes less than 1.5%. As expected (by symmetry) there is no effect on the cross-polarization, or difference in central frequencies between polarization channels over this range.
• Misalignments of the waveguide The sensitivity to waveguide misalignments were evaluated by varying the position of both the back-short and the input waveguide relative to the probes in the X-Y plane.
The most significant trend revealed in these simulations is that for displacements along the X-axis (by symmetry Y), significant differences in central frequencies between polarization channels can be induced. This effect is insignificant for displacements below 25µm. This tolerance keeps the degradation in the co-polar coupling below 1 % and the peak cross-polarization below -24 dB • Gap width Varying the gap width from 50µm to 250µm had no effect on the cross-polarization or the central frequencies between polarization channels. Due to the effectiveness of the choke the copolar coupling decreases less than 1% if the gap width is less than 125 µm.
MEASUREMENTS
A number of measurements have been made on prototype devices to characterize their performance [2, 5] .
Currently band-pass measurements show spectra consistant with the expectations for the filter suggesting the OMT has a flat frequency response as expected. Total coupling measurements using a cold black-body load imply a total coupling of 56% and a cross-polarization of less than 2%. We interpret this 2% coupling as an upper limit which is consistent with our expectations. The coupling is somewhat lower than we expected. We are working to understand if this is an issue with the OMT or the result of dielectric loss in our MS filters.
CONCLUSION
We have presented a design for a planar OMT using round waveguide that has a predicted coupling efficiency of 95% over a band from 125-170 GHz and crosspolarization below -20 dB given alignment tolerances.
We have shown that a corrugated horn can be used to suppress higher order modes. 
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